The derailed (drl) gene encodes a receptor tyrosine kinase (RTK) that governs aspects of axon guidance and muscle-epidermal interactions in the Drosophila embryo. To determine the types of neurons that express drl, we have examined a series of drl promoter fusions to axon-targeted reporters. We have identified enhancers that drive reporter expression in four distinct subtypes of embryonic neurons, all of which project axons in the anterior commissure of the developing nervous system. We also identified enhancers driving expression in the drl-expressing muscles and epidermal attachment cells. These enhancers define the classes of neurons projecting in the anterior commissure and can be used to precisely define axon pathfinding errors in drl and other mutants.
Introduction
Drl is a member of the RYK subfamily of RTKs, which includes mammalian RYK in mice and humans, and Doughnut, a second Drosophila family member (Hovens et al., 1992; Stacker et al., 1993; Oates et al., 1998) . Drl is expressed in the Drosophila embryo by a subset of developing neurons, as well as by muscles 21-23 and their associated epidermal cells Callahan et al., 1996) . Since there are over 50 drl neurons in each segment, it is impossible to trace the axonal projections of every neuron. Thus, we sought to identify neuronal subtype-specific enhancers of drl, which would enable us to chart individual projections and determine the relationships among them. We fused restriction fragments spanning 35 kb of the drl gene ( Fig. 1) to axon-targeted tau-based reporters, which allow visualization of axon trajectories (Callahan and Thomas, 1994; Thor and Thomas, 1997) .
Results

Neuronal enhancers
Expression of drl in the CNS is controlled by four distinct enhancers, each of which drives reporter expression beginning at stage 13. The four populations of neurons defined by the enhancers comprise both inter-and motor neurons; their only shared pathfinding characteristic is that they all project axons in the anterior commissure. The first population is defined by drlR, which drives reporter expression in 10 medial interneurons per hemisegment clustered ventral to the anterior commissure. These neurons extend ipsilateral axons in the anterior commissure and ramify local processes near the junction of the anterior commissure and the longitudinal connective ( Fig. 2A) . The second population is defined by the expression of drlT, and is composed of 20 lateral interneurons in each hemisegment that project contralaterally in the anterior commissure (Fig. 2B) . A subset of these axons turns anteriorly upon reaching the contralateral connective, and form a single longitudinal fascicle. The third population is defined by drlU expression in a single bilaterally-paired interneuron present in segments A3-A8 that crosses the midline in the anterior commissure and extends anteriorly in the longitudinal connective (Fig.  2C) . The final population is defined by drlZ expression in two VUM motorneurons that bifurcate in the anterior commissure and exit in the intersegmental nerve ( Fig. 2D ) (Landgraf et al., 1997) . The combined expression of these four neuronal populations appears to give the pattern of CNS expression observed in the drl enhancer trap line drl P3.765 .
Muscle and epidermal enhancers
The drlZ fragment also drives reporter expression in the drl muscles 21-23 (Fig. 2F) . Ectopic expression is also seen in muscle 24 indicating that drlZ may lack a repressor element that prevents drl expression in this muscle. The drlW fragment drives reporter expression in the three drl epidermal attachment cells for muscles 21-23, as well as in the bipolar glia (Fig. 2G) . Fragments drlE, F, Q, and Y all show no detectable expression. Fragment drlS shows expression in the trachea, a tissue that does not normally express drl.
Discussion
Our results raise several points. First, drl neurons are a heterogeneous population of neurons that ultimately choose different pathways and synapse with different target cells. However, they all share the common property of projecting axons in the anterior commissure, as well as expressing drl, suggesting a role for drl in axon guidance through the anterior commissure. Second, isolation of separate enhancers for the drl muscles and their corresponding epidermal attachment cells, provides the opportunity to analyze the reciprocal interactions during muscle attachment site selection (Callahan et al., 1996) . Finally, expression of drl in each of the four subclasses of anterior commissural neurons is controlled by separate transcriptional regulatory sequences. This cell-type specific modular nature of drl transcriptional regulation makes it an attractive system for understanding higher order cis-regulation of gene expression in the developing nervous system.
Materials and methods
For testing enhancer activity, genomic DNA fragments were isolated from a cosmid library (constructed by J. Tamkun) and cloned into the polylinker of either PC4PtLZ or P[t-myc] ( Thor and Thomas, 1997) . Multiple independent transformants were analyzed for each construct. Embryo collections, dissections and immunohistochemistry were performed as previously described (Callahan et al., 1996; Thor and Thomas, 1997) . Fig. 2 . CNS expression of neuronal enhancers. Stage 16 embryos were stained with antibodies to b-gal for fusions to t-lacZ or to c-myc for fusions to t-myc. (A) drlR-t-lacZ is expressed in interneurons that project ipsilaterally in the anterior commissure (arrowhead) and ramify local processes near the junction of the anterior commissure and the connective (arrow). (B) drlT-t-lacZ expression in interneurons projecting across the midline (arrowhead); a subset of these project anteriorly in the connective, forming a single fascicle (arrow). (C) drlU-t-myc expression in a single neuron per hemisegment that extends an axon (arrow) contralaterally and anteriorly (arrowhead points to cell bodies out of the focal plane). (D) drlZ-t-myc expresses in two VUM neurons that project axons out the intersegmental nerve (arrow). Cell bodies are shown in lower panel. (E) schematic of the different populations of drl neurons defined by the four neural enhancers. Black = drlR, blue = drlT, red = drlU and green = drlZ. (F) drlZ-t-myc expresses in muscles 21-24. (G) drlW-t-myc is expressed in the epidermal attachment cells for muscles 21-23 (arrows) and in the bipolar glia (arrowhead). Anterior is up. Ventral is to the left for (F,G).
